N2,N4,N6-trihydroxymethyl-N2,N4,N6 -trimethylmelamine (Trimelamol, is an analogue of hexamethylmelamine (HMM) which has recently entered clinical trial. HMM is a synthetic s-triazine which showed broad-spectrum, if modest, activity in extensive clinical trials (Blum et al., 1978; Legha et al., 1976) . It caused severe emesis and yet had to be given by mouth. Pentamethylmelamine (PMM) which is more water-soluble, was introduced in the hope that parenteral administration would alleviate the gastrointestinal toxicity. Unfortunately it proved to be even more emetic than HMM, indicating that this was a centrally mediated effect, and also caused severe sedation, even coma. These factors proved dose-limiting (Casper et al., 1981; Goldberg et al., 1980; Ihde et al., 1981; Van Echo et al., 1980) . Anti-tumour activity in these Phase I trials was also disappointing.
HMM and PMM require metabolic activation in order to express significant cytotoxic activity in vitro (Rutty & Connors, 1977) . The inhibitory effect of non-activated HMM and PMM can be reversed by removing the drug . However N-hydroxymethylmelamines, such as are formed during activation (Borkovec & DeMilo, 1967) are significantly more toxic in vitro (Rutty & Abel, 1980 ) and their effect is not reversed by drug removal .
Pharmacokinetic studies with PMM showed that metabolic activation occurred only very slowly in man compared with rodents and that this might account for its poor clinical activity (Rutty et al., 1982) . Trimelamol was therefore developed for clinical use since, as a melamine bearing Nhydroxymethyl groups, it does not require metabolic activation.
It had been noted that Trimelamol caused markedly less sedation than PMM in rodents . The pharmacokinetics of Trimelamol and PMM in plasma and whole brain were therefore investigated in the mouse to see whether the brain levels achieved would correlate with the observed differences in neurotoxicity. Plasma protein binding and lipophilicity were examined in an attempt to explain these findings. Isocratic elution was carried out with 50% methanol/50% ammonium formate at pH 6.3 running at 1.5 ml min-1. Detection was by UV absorption at 225 nm, and peaks were quantified by electronic integration using a Trilab II data analysis system (Trivector Scientific Ltd., Sandy, Beds., UK). Twenty-five Ml samples were injected automatically and the samples kept at 4°C. The separation was carried out at a constant temperature of 16°C.
The HPLC for Trimelamol used an octyl (C8) packing material and isocratic elution at 2.Omlmin-' with 30% methanol/70% 0.05M ammonium bicarbonate pH 8.1. Detection was similarly by UV absorption at 225 nm.
Finally N2,N4,N6-trimethylmelamine (TriMM) was analysed using a C8 column and isocratic elution at 2.0mlmin-1 with 9% acetonitrile/91% 0.05 M ammonium bicarbonate. Detection was by UV absorbtion at 225 nm.
Pharmacokinetics
Male Balb C-mice, body weight 20-28 g were treated with PMM or Trimelamol at a dose of 90mg kg-1, the ED90 versus the PC6 tumour (Rutty et al., 1985) . The drugs were dissolved in DMSO and diluted with 5% dextrose pH 7.4 to give a drug concentration of 4.5 mg ml-1 and DMSO concentration of 5%. The drugs were administered intraperitoneally (i.p.), three mice per time point, at a constant volume of 0.2 ml per 0g body weight. At regular intervals 5-60 min following injection, mice were anaesthetised with diethyl ether and blood withdrawn by direct cardiac puncture using pre-cooled syringes. The blood was placed in heparinised ice-cold tubes and centrifuged at 1800g and 4°C for 10 min. The plasma was precipitated with 2 vol ice-cold methanol and again spun for 10 min at 4°C. The supernatant was removed and analysed by HPLC. After bleeding the animals were killed, the brains removed and placed in 10 ml ice-cold isotonic KCl solution (1.15%). The brains were washed in further KCl solution, blotted dry, weighed and hand-homogenised on ice in 4vol (4mlg-1 wet tissue) 1.15% KCl. The suspension was precipitated with 2 vol ice-cold methanol, spun at 1800g and 4°C for 10min and this supernatant also analysed by HPLC. Standards were prepared in human plasma.
A single time point experiment was also performed to investigate the effect of a surfactant formulation on the CNS uptake of Trimelamol. The drug was given i.v. at 230mgkg-1, dissolved either in 5% dextrose pH 7.4 at 4.5mgml-1 or in 10% Cremophor EL/5% dextrose pH 7.4 at the same concentration. Three mice were treated with each formulation and plasma and brain samples obtained 30 min after injection and prepared as above.
The exponential function C=Ae-p' (where C is the drug plasma concentration, A the constant, P the first-order rate constant and t the time after the end of drug administration) was fitted to the data by a non-linear least squares method in order to determine the half-lives (Dixon, 1980) .
Stability of Trimelamol
The stability of Trimelamol at room temperature was measured in 5% dextrose pH 7.4 and in 10% Cremophor/dextrose pH 7.4. Serial estimations were performed by HPLC at intervals of 15-30min over 5h. The first order rate constants and halflives were calculated as described above.
Plasma protein binding
The plasma protein binding of PMM, Trimelamol, HMPMM, DHtetraMM and TriMM was determined by ultrafiltration using the Amicon micropartition system (Amicon Corporation, Danvers, Mass., USA). The drugs were dissolved in water or DMSO and then diluted in human plasma or water to give a final drug concentration of 100 igml-1 and varying DMSO concentrations of 5%, 0.1% or 0%. Each assay was performed in triplicate and consisted of incubation at 37°C for 3min followed by centrifugation in ultrafiltration chambers containing YMB protein elimination filters at 2000g and 15°C for 10min. Owing to the chemical instability of N-hydroxymethylmelamines control samples were also prepared in plasma and treated identically apart from ultra-LOW CNS PENETRATION OF TRIMELAMOL 603 filtration in order to correct for chemical breakdown during the procedure. The water controls were performed in order to exclude a possible error due to binding of drug to the filters. The ultrafiltrates and controls were mixed with 2 vol ice-cold methanol and spun at 1800g and 4°C for Omin. The samples were analysed using the HPLC assays described above. Protein binding was calculated as plasma concentration minus ultrafiltrate concentration/ plasma concentration x 100%.
Results
The brain and plasma concentration profiles for PMM and Trimelamol following i.p. administration at 90mg kg-1 are shown in Figures 1 and 2 , and summarised in Table I . The concentration of PMM in mouse brain was found to closely match the plasma concentration at all times and a mean value of 1.04 was obtained for the brain/plasma ratio. In contrast the Trimelamol brain concentration rose slowly over 30 min but never exceeded 1 Mg g -1. The values obtained may be overestimates, since a small amount of contamination would have occurred due to blood in the cerebral vessels. In addition such small concentrations were close to the limits of detection of the assay. The mean brain/plasma ratio over 60 min was < 0. further giving a t1l2f of 730.6min (±34.2s.e.), i.e.
an increase of 75%. The results of the plasma protein binding studies are given in Table Illa and show that Trimelamol is much less strongly protein bound than PMM, i.e. only 16.8% compared with 68.2%. It is apparent that protein binding is proportional to the number of methyl groups on the melamine ring. Repeat experiments in the presence of DMSO showed no significant effect on the protein-binding of PMM and no effect on that of Trimelamol, see Table IlIb . Neither drug bound to the protein elimination filters.
Discussion
A marked difference was found in the ability of PMM and Trimelamol to penetrate the CNS of mice. PMM appeared to enter the brain rapidly with no detectable lag phase. Trimelamol, in contrast, entered the brain very poorly, its concentration never exceeding 1 g gg 1. Precise conclusions about the kinetics of Trimelamol in the CNS are difficult to draw owing to the limits of accuracy of this experiment. However, it is clear that for PMM the brain/plasma ratio of -1.0 indicates the lack of a 'blood-brain barrier' for this drug whereas Trimelamol is largely excluded from the CNS. (Rutty et al., 1985) . Other surfactants, e.g. polysorbate 80, are known to change the volume of distribution of certain drugs and may enhance their uptake into the CNS possibly by disrupting the blood-brain barrier (Azmin et al., 1985) . The reason for the increase in plasma concentration at 30 min is unclear. We found that the in vitro half-life of Trimelamol in 5% dextrose pH 7.4 was increased by 75% with the addition of 10% Cremophor. However, we have not confirmed that this also leads to an increase in the in vivo half-life. Whilst conferring some advantages in terms of solubility and stability the use of this particular surfactant was clearly associated with an unacceptable increase in Trimelamol neurotoxicity.
In conclusion the CNS penetration of Trimelamol is significantly less than that of PMM. This difference is clearly not due to a difference in plasma protein binding since PMM is much more highly protein bound, and the use of DMSO in the pharmacokinetic experiments would not have interfered with this. An explanation is more likely to be found in the marked differences in lipophilicity between the two compounds. Figure 3 shows the chemical structures and values for the octanol/water partition coefficients for PMM and Trimelamol as determined by Cumber & Ross (1977) . The relatively low lipophilicity of Trimelamol seems likely to be responsible for its reduced CNS penetration and hence reduced neurotoxicity. In a Phase I trial at the Royal Marsden Hospital the drug has proved less emetic than PMM in man and causes little or no sedation, as well as showing encouraging signs of anti-tumour activity.
